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Abstract 
The use of controlled-release fertilizers is a promising alternative for supplying nutrients 
during the initial growth of nursery seedlings. The aim of this study was to verify the effects 
of different doses of controlled-release fertilizer (CRF) on initial growth and nutritional status 
in seedlings of Anonna cacans Warm. The seeds were originally sown in a seedbed and then, 
after initial seedling development, were transplanted into polyethylene bags containing a 
substrate of washed medium sand, to which different doses of CRF had been added before 
transplanting. The experimental design was completely randomised, with four treatments, 
five doses of Osmocote® NPK 19-06-10 formulation (0, 1, 2, 4 and 8 g L-1 of substrate), with 
four replications, each replication comprising three seedlings (one in each container). 
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Increases in root-collar diameter and plant height were determined throughout the 
experimental period (6 months) from data collected every 30 days after transplanting. At the 
end of the experiment the following were evaluated: height, root-collar diameter, N 
concentration, chlorophyll index, chlorophyll concentration (a, b and total) and leaf area. 
Root-collar diameter and height showed a positive linear response to increases in the fertilizer 
dose. From a 4 g L-1 dose of CRF, the nutrient supply added to the substrate of medium sand 
optimises the initial phase of plant growth and guarantees the adequate nutritional status of 
Anonna cacans, and can be suggested as a viable technique for use in forest nurseries, and 
one which results in efficient use of the input material and avoids fertilizer wastage. 
Keywords: araticum-cagão, photosynthetic pigments, plant nutrition, Osmocote® 
1. Introduction  
Anonna cacans Warm, known locally as araticum-cagão, is a native forest species belonging 
to the family Annonaceae. It is classified as a pioneer and is recommended for recovery 
programs in degraded areas (Carvalho, 2010).  
Its importance in the process of natural succession is based on the ability of the species to 
produce tasty fruit that are extremely attractive to the fauna which aid in dispersing the seeds 
and, due to their recurrent visits, favour acceleration of the process of ecological recovery and 
succession (Lorenzi, 2008). However, the seeds show a high degree of dormancy, a fact that 
limits their germination and the natural propagation process of the species (Dalanhol et al., 
2013), and makes the production of seedlings, which are later used in recovery programs for 
degraded areas, indispensable to the process.  
An improvement has recently been seen in the methods of seedling production in forest 
species, from promoting cultivation in protected environments, to the use of substrates and 
containers, and the use of fertilizers, all with the aim of accelerating plant growth and at the 
same time achieving superior characteristics of vigour, resistance, robustness and nutrition 
(Souza Júnior and Brancalion, 2016). These characteristics may guarantee greater success in 
the initial establishment of the plants in the field, even in the face of adverse conditions, 
fostering successful recovery programs in degraded areas (Gonçalves and Benedetti, 2005).  
Although substrates available on the market are chemically, physically and biologically 
suitable for satisfactory plant growth, the use of fertilizers in doses appropriate to the species 
is suggested in order to guarantee maximum efficiency in the use of the supplied nutrients 
(Dutra et al., 2016) and lower the environmental and economic impact, especially in relation 
to nitrogen economy, a high cost element which is easily leachable and has the potential to 
pollute the rivers. 
Commercially, numerous types of fertilizer are available. These vary in composition, type 
(powder, granules and coated) and solubility (Gonçalves and Benedetti, 2005; Epstein and 
Bloom, 2006), and have different advantages and disadvantages, including the need to 
reapply the fertilizer, i.e. top dressing, throughout the time the seedlings remain in the nursery 
until they are suitable for the market (Melo Júnior et al., 2014). 
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The use of controlled-release fertilizers has proved to be a promising alternative for 
producing seedlings in protected environments, since they are only added when the substrate 
is prepared. The fertilizer being coated allows the nutrients to be released slowly through the 
porous structures and made available to the plant root system over time and according to 
nutritional requirements, minimising the risks of deficiency, and eventually resulting in better 
quality seedlings (Melo Júnior et al., 2014; Dutra et al., 2016; Menegatti et al., 2017a; Muniz 
et al., 2013).  
In addition, controlled-release fertilizers are interesting alternatives, as they can reduce the time 
needed to obtain suitable seedlings for the market, shortening the production cycle, reducing 
manpower and mainly offering effective measures to be implemented by nurseries to improve 
seedling quality and optimize production costs (Azeem et al., 2014; Wang et al., 2016). 
Considering the above, the aim of this study was to verify the effects of different doses of 
controlled-release fertilizer (CRF) on initial growth and physiological quality in seedlings of 
Anonna cacans Warm. 
2. Material and Methods  
Ripe fruit of Annona cacans Warm. were collected in the district of Rorainópolis in the state 
of Roraima, and taken to the seed laboratory of Embrapa Roraima, located in the town of Boa 
Vista. 
The fruit was first pulped to remove the seeds, which were then washed in running water 
until the residue was completely removed, and kept at room temperature. The propagating 
material was later sown in a seedbed containing a substrate of washed sand for seedling 
germination and initial development. Substrate moisture was maintained by manual irrigation, 
watering four times a day. 
Approximately thirty days after sowing, the seedlings began to emerge; once they had all 
reached a height of approximately 12.0 cm, they were transplanted into polyethylene bags (15 
x 35 cm) containing a substrate of washed, medium sand (Table 1) to which doses of coated 
controlled-release NPK 19-06-10 formulation fertilizer (Osmocote®) were added on the 
surface according to the treatments. The plants were then placed in the nursery under 50% 
shade, and irrigated by sprinkler for five minutes, three times a day. 
Table 1. Chemical composition of the medium sand substrate used in the production of 
seedlings of Annona cacans Warm 
Substrate OM V Al H+Al SB CTC P K Ca Mg Zn Fe Mn 
 % cmolc dm-3 mg dm-3 μg dm-3 
Sand 0.0 67.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 
**OM: Organic Matter; V: Base saturation; SB: Sum of Bases; CEC: Cation Exchange 
Capacity. 
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The experimental design was completely randomized, with five treatments representing the 
five doses of Osmocote® (0, 1, 2, 4 and 6 g L-1 of substrate), with five replications, each 
replication comprising three seedlings (one in each container).  
The increases in height and root-collar diameter were determined from data collected every 
30 days (month), from transplanting, throughout the period of plant growth, to the end of the 
experiment (six months). Plant height was measured with the aid of a graduated rule, and the 
root-collar diameter, with a digital caliper. 
At 180 days (six months) after transplanting (DAT), when the experiment had ended, the 
chlorophyll index (CI) was determined using a chlorophyll meter (Dualex). Measurements 
were taken between 09:00 and 11:00 on two completely expanded leaves located on the 
apical third of each plant.  
Immediately after taking the readings, the leaves were detached, placed in polystyrene boxes 
containing ice, and taken to the laboratory to determine the chlorophyll content. Leaf discs 
were removed from the samples, to make up a sample of approximately 1.5 g of fresh matter, 
which was macerated in 80% acetone in the absence of light. The resulting extracts were 
passed through filter paper and collected in 25 ml volumetric flasks, and the volume topped 
up at the end of filtration. The supernatants were analyzed using an Agilent model UV-Vis 
spectrophotometer, from readings taken at 645 nm (A645) and 663 nm (A663) against a 
blank of 80% acetone. The chlorophyll a, chlorophyll b and total chlorophyll content were 
calculated using the equations established by Arnon (1949). 
Four leaves were randomly detached per plant, numbered, and then used to determine the leaf 
area using the LI-COR® model LI-3100 portable leaf area meter.  
The leaves were later dried in a forced air circulation oven at 70ºC for 72 hours to constant 
weight, and the individual weight of each leaf was determined using a precision balance. 
They were then ground in a Wiley mill equipped with a 20-mesh screen to determine the 
leaf-nitrogen concentration as per the methodology described by Malavolta et al. (1997). 
Possible differences between treatments were verified by an analysis of variance of the data 
(ANOVA). All the variables were submitted to a comparison of mean values by Tukey's test 
at 5% probability, and the quantitative variables were submitted to regression analysis to 
verify the growth response of the plants over time. Data analysis was carried out using the 
Sisvar statistical software package (Ferreira, 2011). 
3. Results and Discussion 
The greatest mean values for height and root-collar diameter in plants of Annona cacans 
Warm. were obtained at the 8 g L-1 dose of CRF (Figure 1A and B), meeting the 
recommended and normalized standards for forest seedlings, which should have a diameter of 
10 mm to 2 cm at the level of the root collar; a height of 60 cm, measured from the root collar; 
and be aged from 4 to 7 months from planting (Smiderle and Souza, 2016). 
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Figure 1. Height (A) and root-collar diameter (B) in plants of Anonna cacans Warm. grown 
for six months under 50% shade, for doses of controlled-release fertilizer (CRF) 
The results also suggest that use of the highest dose of CRF under test was enough to supply 
the nutrient demand of the plants, allowing them to present increasing values, which were 
greater in comparison to those of the control treatment. Although there are no specific 
experiments for this species that might recommend the ideal plant size for use in recovery 
programs, the superiority of both variables is both sought and necessary to guarantee greater 
survival and growth in the seedlings after planting in the field. 
Plants grown at the 8 g L-1 dose of CRF added to the substrate displayed early growth in 
height and root-collar diameter when compared to the other doses under test. This may be the 
result of the larger amount of available nutrients at the time of greatest nutrient need, both 
after transplanting and during plant growth, resulting in a reduction in the time the seedlings 
remain in the nursery, with a consequent reduction in production costs. 
However, plants grown at the 1, 2 and 4 g L-1 doses of CRF added to the substrate achieved 
very similar responses for both variables during the six months of growth in the shaded 
nursery, as such, considering only the parameters of height and diameter, and taking into 
account the high cost of acquiring the CRF, the use of a smaller dose can make the 
application of CRF economically viable for use in forest nurseries. This is because, even with 
the cost of keeping these seedlings in the nursery for a longer period compared to the 8 g L-1 
dose of CRF, the use of a smaller dose would result in fertilizer economy, making the unit 
cost per seedling more attractive due to the possibility of reducing expenses with this input. 
For nitrogen concentration, the plants of Annona cacans Warm., grown at the 4 and 8 g L-1 
doses of CRF added to the substrate, showed a higher concentration of this nutrient (Table 2). 
Nitrogen is considered an essential element for plants, as it is present in the composition of 
amino acids, amides, proteins, nucleic acids, coenzymes, chlorophylls and secondary 
metabolites, all directly or indirectly related to the biochemical and physiological processes 
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Table 2. Mean values for N concentration [N], chlorophyll index (CI), chlorophyll a (CHLa, 
μg/mL), chlorophyll b (CHLb, μg/mL), total chlorophyll (CHLT, μg/mL), and leaf area (LA) 
in plants of Annona cacans Warm. grown for six months under 50% shade, for doses of 
controlled-release fertilizer (CRF) 
Treatment [N] CI CHLa CHLb CHLT LA (cm3)  
0  8.82c 18.12c 26.22c 9.31c 19.27c 61.95c 
1 15.59b 43.32b 36. 81b 9.96b 46.77b 105.00b 
2 16.31b 44.67b 37.21b 10.42b 47.65b 105.40b 
4 18.03a 47.09a 39.65a 16.05a 55.2a 128.72a 
8 21.02a 55.48a 40.66a 17.91a 58.58a 129.43a 
CV (%) 7.09 6.80 4.47 15.55 3.92 11.79 
Mean values followed by the same letter in a column do not differ by Tukey’s test (p≤5%). 
Similar to the variable, N concentration, the chlorophyll index (CI) was higher in plants of 
Annona cacans Warm. grown at the 4 and 8 g L-1 doses of CRF added to the substrate. The 
same result was also found for the variables CHLa, CHLb and CHLT, and can be considered 
predictable, since supplying plants with higher doses of CRF promotes greater N uptake and 
concentration in the plants; as this nutrient is the substrate for chlorophyll synthesis, 
biosynthesis of the molecule was to be expected (Cartelat et al., 2005).  
Conversely, plants of Annona cacans Warm. grown with N, or at lower doses (1 and 2 g L-1) 
of CRF added to the substrate, displayed possible limitations in synthesising the chlorophyll 
molecule, shown by a reduction in concentrations of this molecule; this may have reduced the 
rates of carbon fixation, and resulted in the restricted production of carbohydrates that could 
serve as a substrate for the synthesis of new organic molecules, as well as for respiration.  
With the reduction in carbohydrates, the respiratory process is compromised, and since 
respiration is mainly responsible for supplying energy for nutrient uptake and for maintaining 
the rates of plant growth, it therefore suggests that the supply of N from doses of less than 2 g 
L-1 would result in such disadvantages as inferior growth characteristics and inferior 
physiological and nutritional quality in the plants. 
Higher values for leaf area were also obtained in plants of Annona cacans Warm. grown at 
the 4 and 8 g L-1 doses of CRF added to the substrate. Studies have shown that an increase in 
leaf area has a direct correlation with increases in the number of leaves per plant (Silva et al., 
2011; Menegatti et al., 2017a), affording greater efficiency in photosynthetic carbon 
assimilation (Afonso et al., 2017). This in turn is directly related to the availability of energy 
for growth optimization during the initial phase of plant development.  
According to Muniz et al. (2013) and Menegatti et al. (2017b), supplying nutrients at the 
fertilizer dose determined as ideal for a species results in a satisfactory increase in both RCD 
and H, accelerating the growth process of the plants at the same time as obtaining seedlings 
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with superior vigour, resistance and robustness. Furthermore, defining the ideal dose allows 
the input to be used efficiently, avoiding fertilizer wastage, thereby reducing production costs 
(Machado et al., 2011; Muniz et al., 2013). 
However, in addition to the physiological, nutritional and growth characteristics displayed by 
the N concentration, the chlorophyll index (CI) and the variables CHLa, CHLb and CHLT, 
they should also be taken into consideration as they indicate the physiological and nutritional 
status of the plants, and demonstrate the probability of success in initially establishing the 
seedlings in the field. Moreover, obtaining quality seedlings is decisive for guaranteeing the 
competitiveness of the nursery and stability of the enterprise over time. 
Positive and significant correlations were found between most of the variables under study 
(Table 3). A correlation of more than 0.70 between each variable and the N concentration 
shows that observation of such growth characteristics as H and RCD can be used to infer the 
physiological and nutritional quality of the plants, since this characteristic shows a correlation 
with the other variables. Furthermore, as it is not a destructive method, it is also operationally 
feasible. 
Table 3. Pearson's correlation between the variables height (H), root-collar diameter (RCD), 
number of leaves (NL), chlorophyll index (CI), chlorophyll a (CHLa, μg/mL), chlorophyll b 
(CHLb, μg/mL) and total chlorophyll (CHLT μg/mL), N concentration (N) and leaf area - 
standard method (LA) 
  RCD NL CI CHLa CHLb CHLT [N] LDW LA 
H 0.89* 0.85* 0.79* 0.88* 0.76* 0.80* 0.89* 0.82* 0.67* 
RCD  0.79* 0.69* 0.67* 0.52* 0.57* 0,73* 0.74* 0.53* 
NL   0.86* 0.76* 0.91* 0.94* 0.91* 0.95* 0.84* 
CI    0.71* 0.68* 0.91* 0.94* 0.82* 0.81* 
CHLa     0.75* 0.79* 0.81* 0.77* 0.70* 
CHLb      0.69* 0.70* 0.57* 0.61* 
CHLT       0.98* 0.90* 0.92* 
[N]        0.91* 0.94* 
LA          
Where: * significant at 1% probability 
Considering that no information can be found concerning the physiological mechanisms of 
plants of Annona cacans Warm. in either the domestic or international literature, the present 
study makes an important contribution with information for guiding the nutritional 
management of plants of Annona cacans Warm. during the seedling-production stage. 
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4. Conclusion 
The supply of nutrients from the 4 g L-1 dose of CRF added to the substrate of medium sand 
optimizes the initial phase of plant growth and ensures adequate physiological and nutritional 
status in plants of Annona cacans Warm. 
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